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End;  (1)  Table  1  -  Con^josition 
(2)  Table  2  -  Activation 

1.  In  the  design  of  a  nuclear  powereS.  aircraft,  the  direct  radiation  from 
the  reactor  must  be  reduced  by  sufficient  shielding  to  a  safe  predetennlned 
level.  Such  design  will  limit  the  direct  radiation,  but  does  not  necessarily 
determine  what  hazards  might  result  f:’om  the  ingestion  of  induced  activity 
contained  as  gas  and  particulate  matter  in  the  breathing  air  supply.  The 
general  nature  of  the  ingestion  problem  Involves  a  study  of  radioactive 
particles  and  gases  which  may  be  encountered  in  the  operation  of  certain  types 
of  naval  aircraft,  and  an  evaluation  of  probable  effects  as  well  as  methods 
for  limiting  potential  hazards. 

2.  An  initial  phase  of  the  work  will  undoubtedly  require  the  gathering  of 
available  data  and  a  careful  analysis  of  the  problem  areas;  namely,  the  nature 
and  origin  of  the  radioactive  materials.  Factors  to  be  considered  include; 

(1)  the  form  and  amount  of  expected  emission  of  radioactive  materials;  (2) 

the  relationship  of  such  materials  to  the  presence  of  particulate  and  gaseous 
matter  originating  from  (a)  sea  spray,  dust  and  residue  in  the  aircraft, 
(c)  clouds,  (d)  salt  nuclei  and  other  atmospheric  constituents;  and  (3)  the 
subsequent  dispersion  of  radioactive  materials  over  adjacent  sea  and  land 
areas . 

3 .  A  preliminary  definition  of  the  ingestion  problem  area  can  best  be 
approached  by  calculating  from  assumed  values  what  the  worst  situation  might 
possibly  be.  For  this  purpose  the  activation  is  considered  in  three  regions: 

(1)  activation  of  air  and  dust  passing  through  a  direct  air  cycle  reactor, 

(2)  activation  of  dust  and  residue  in  the  aircraft,  and  (3)  activation  of 
material  deposited  or  held  within  the  reactor  for  long  periods  of  time.  The 
problem  of  the  diffusion  of  fission  pjroducts  through  the  cladding  would  also 
be  expected  in  normal  operation.  The  failure  of  a  fuel  element  cladding 
might  also  be  expected  to  occur  with  sufficient  frequency  as  to  be  considered 
in  normal  operation. 
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k.  The  activation  of  each  element  in  the  preceding  fields  of  inq.uiry  may  he 
determined.  It  depends  upon  the  average  neutron  flux,  the  activation  cross 
section  for  the  element,  the  number  of  atoms  of  element  irradiated,  the  time 
interval  of  irradiation,  and  the  half  life  of  the  isotope  formed.  The  follow¬ 
ing  crude  assumptions  or  estimates  are  made  in  order  to  facilitate 
calculations ; 

(l)  The  air  flow  through  the  reactor  is  considered  equivalent  to 
four  T-57  engines,  or  65O  Ib/sec.  A  density  of  I3  cu.  ft/lb 
results  in  8450  cu.  ft/sec. 

The  effective  reactor  temperature  is  about  16OO  degrees  F. 

A  neutron  flux  in  the  reactor  core  of  10^^/ cm^-sec  is  considered 
to  be  thermal. 

(4)  The  effective  length  of  the  reactor  is  considered  3^  inches. 

(5)  The  velocity  of  air  in  the  reactor  core  is  about  200  ft/sec 
( .015  sec  s  time  in  the  reactor) . 

The  amount  of  sea  water  to  pass  through  the  reactor  is  less  than 
.21  Ib/sec  (as  rain) 

The  concentration  of  salt  in  sea  air  is  less  than  1,000  Ib/mile^. 

The  concentration  of  dust  in  air  is  less  than  .5  mg/meter^. 

The  number  of  salt  particles  in  air  is  less  than  lO^in^.. 

The  total  radiation  level  in  the  fuselage  region  is  100  mrem/hr. 

The  neutron  level  is  50  mrem/hr  (slow).  480  n/cm  -sec  z  one  mrem. 

(11)  The  effective  fuselage  volume  is  60,000  cu.  ft. 

5 .  To  determine  the  activation  of  air  passing  through  the  reactor,  air  is 
considered  to  have  the  following  composition: 


(6) 

(7) 

(8) 
(9) 

(10) 


(2) 

(3) 
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Element 

Mole  Fraction  % 

Nitrogen  (N2) 

Oxygen  (Oo) 

Argon  (A) 

Carbon  Dioxide  (CO2) 

Neon  (Ne) 

78.09 

20.95 

0.93 

0.03 

1.8 

X  10-3 

Heliiun  (He) 

5.214- 

X  lO-*^ 

Krypton  (Kr) 

1.0 

X  10-*^ 

Hydrogen  (H2) 

5.0 

X  10-5 

Xenon  (Xe) 

8.0 

X  lO-o 

Ozone  (O^) 

1.0 

X  3.0-D 

X  10-1® 

Radon  (Rn) 

6.0 

6 .  Ninety-eight  and  three-tenths  per  cent  of  the  upper  portion  of  the 
earth's  crust  to  a  depth  of  a  few  miles  is  composed  of  eight  elements;  eighty- 
odd  other  elements  make  up  1.7^  of  "the  crust.  For  the  purpose  of  this 
analysis,  dust  will  he  considered  to  be  composed  of  the  eight  major  elements 
in  the  following  ratio: 


Oxygen 

14-7^  by  weight 

Silicon 

27^ 

Aluminvim 

8^ 

Iron 

5^ 

Calcium 

2.28% 

Magnesium 

2.28^ 

Potassium 

2.28^ 

Sodium 

2.28^ 

7.  It  is  expected  that  ordinary  household  dust  or  perhaps  dust  found  in  a 
seaplane  would  contain  considerable  quantities  of  organic  matter.  Since 
information  upon  which  to  base  estimates  of  the  amount  of  organic  matter  is 
not  readily  available,  such  material  has  not  been  included. 


8.  Sea  water  contains  about  32  elements,  of  which  oxygen,  chlorine,  bromine, 
sulphur,  potassium,  sodium,  calcium,  and  magnesium  are  the  most  important. 
Copper,  lead,  zinc,  nickel,  cobalt,  and— igBuf  te  occttT  at  mppreclable  con¬ 
centration  only  in  sea  weeds  and  corals.  For  the  piorpose  of  this  calculation, 
sea  water  is  considered  to  contain  the  following  percentage  by  weight  : 


NaCl 

2.7213 

Mg:i2 

0.3807 

MgS04 

0.1658 

CaSO^ 

0.1260 

K2SO4 

0.0863 

CaCO^ 

0 .0123 

MgBr2 

0.0076 

Silver  and  gold 

4  X  10' 

grains/kg 


9.  Results  and  Conclusions: 

a.  The  activity  may  be  estimated  for  the  fuselage  area  where  a  flux  of 
50  X  480  n/cm^-sec.  is  assumed  to  exist.*  Saturation  activity  is  assumed 

to  exist,  in  which  case  the  build-up  of  activity  is  equal  to  the  rate  of 
decay  or  the  number  of  atoms  multiplied  by  the  cross  section.  With  the 
assumed  conditions  for  dust  and  salt  nuclei,  a  total  disintegration  rate  of 
about  10-100  per  sec.  could  be  expected,  which  corresponds  to  about  8  X  10“° 
microcuries/cm3 .  This  value  is  within  acceptable  limits  for  most  radioactive 
gases  and  dusts;  however,  it  can  be  trusted  as  only  a  gross  estimate  of  the 
activation  of  the  dust  and  salt  in  the  fuselage  area. 

b.  We  may  conclude  from  the  data  in  Table  I  and  Table  II  that  a 
dilution  of  the  effluent  gas  from  the  reactor  by  a  factor  of  10-3  (argon  being 
the  deciding  factor)  would  be  required  to  reach  maximum  permissible  con¬ 
centration  as  established  by  the  Rational  Bureau  of  Standards  Handbook  6l . 

The  argon-Ul  has  a  half  life  of  IO9  minutes,  and  approximately  a  ten-hour 
period  would  be  required  for  decay  to  maximum  permissible  levels. 


*  Table  I  shows  the  relative  cross  sections  and  composition  for  the  various 
nuclide.  Table  II  gives  the  calculated  activities. 
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c.  Experience  gained  from  this  initial  consideration  indicates  three 
main  potential  hazards  that  require  investigation.  These  are  as  follovs: 

(1)  The  release  of  fission  products  by  both  diffusion  thro\igh 
the  fuel  element  cladding  euid  rupture  of  the  cladding. 

(2)  Activation  of  particulate  matter  remaining  in  the  reactor 
for  periods  greater  than  the  normal  time  taken  for  air  to 
pass  throi;igh  the  reactor.  The  situation  vould  be  anala^ous 
to  the  sloi;ighing  off  of  boiler  scale  in  a  steam  system. 

(3)  The  nature  of  the  dusts  encountered,  the  organic  components, 
and  how  much  of  a  hazEird  they  create . 

d.  These  problems  require  a  knowledge  of  the  kinetics  of  Iving  retention 
and  elimination  to  establish  hazards.  Insufficient  data  ai*e  available  to 
permit  satisfactory  elucidation  of  the  kinetics  of  lung  retention  and 
elimination  for  a  single  radionuclide  under  any  specific  set  of  conditions. 
Some  data  are  available  for  plutonium  and  fission  products .  This  problem 
appears  almost  hopelessly  complex .  Lung  retention  and  elimination  have 
been  shown  to  depend  upon  particle  size,  solubility,  hygroscopicity,  wetting, 
concentration,  respiration  rate,  particle  density,  flocculation,  and  upon 
the  chemical  nature  of  the  material  inhaled. 

10.  This  report  was  prepaa-ed  by  John  D.  Taylor  of  the  Health  Physics 
Branch  and  approved  by  Dr.  James  D.  Hardy,  Research  Director  of  the  Aviation 
Medical  Acceleration  Laboratory. 


F.  K.  SMITH 
By  direction 
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